viewed in [19]), and we used genetic studies to determycin expression via the Toll pathway (reviewed in [18]).
To determine if the constitutive Diptericin mutations afmine that an SCF complex and the proteasome block Diptericin expression in uninfected flies. Inhibiting this fect activation of either of these pathways by infection, we infected G49 adults maintained at 29ЊC by either SCF complex in cultured Drosophila cells increases the steady-state levels of both the full-length and the propricking them with Ecc15 or by exposing them to spores from the fungus Beauvaria bassiana. We then quantified cessed Relish Rel-homology domains. Consequently, we hypothesize that the ubiquitin-proteasome system Diptericin and Drosomycin expression in the infected flies over time on RNA gel blots. Based on the average negatively regulates the IMD pathway by degrading Relish and that this is a mechanism for downregulating of two independent experiments, Diptericin expression peaks 6 hr after Ecc15 infection in wild-type adults; Relish activity. in G49 adults, however, Diptericin expression mounts significantly until 24 hr after infection, and levels remain Results high 48 hr after infection (Figure 2A ). After B. bassiana infection, Drosomycin is induced with similar kinetics in The J6 and G49 Mutations Induce wild-type and G49 adults, but to much higher levels in Diptericin Expression the G49 adults ( Figure 2B ). Relish activation via the IMD In wild-type flies, the gene encoding the antibacterial pathway partially induces Drosomycin expression [12] ; peptide Diptericin is tightly controlled by the IMD pathconsequently, we suspect that the high Drosomycin levway (reviewed in [18] ). Therefore, to identify genes that els in fungally infected G49 adults is caused by the normally function to repress the IMD pathway, we simultaneous activation of both the Toll and IMD pathscreened 2,000 yellow, white (y,w ) F1 male progeny from ways in these flies. The dominant, gain-of-function mumale flies mutagenized with ethyl methanesulfonate for tation of the Toll gene, Toll 10b
, constitutively induces constitutive expression of a Green Fluorescent Protein
Drosomycin expression [21] , and we also determined (GFP) reporter gene under the control of the Diptericin that the G49 mutation does not reduce Drosomycin levpromoter [20] . Two males, J6 and G49, expressed Dipels in Toll 10b larvae ( Figure 2C ). Based on these Diptericin tericin-GFP, and this gene was constitutively expressed and Drosomycin expression patterns, we conclude that in larvae and adults in homozygous lines derived from the G49 mutation does not inhibit activation of either these males ( Figure 1A ). Although flies carrying the J6 the IMD or the Toll pathways by infection but does inhibit and G49 mutations are viable and fertile at 25ЊC, G49 downregulation of the IMD pathway after infection. is pupal lethal at 29ЊC, indicating temperature-sensitive phenotypes associated with this mutation (see below). To determine if the J6 and G49 mutations affect the J6 and G49 Are Mutations in the SkpA Gene actual Diptericin gene, we used RNA gel blots to monitor Using recombination mapping, we resolved that the J6 Diptericin expression in mutant larvae and flies. Quantifiand G49 mutations are tightly linked to the y locus on cation of the RNA gel blots show that J6 larvae constituthe proximal tip of the X chromosome (data not shown). tively express Diptericin to 10% of the levels induced To further localize the two mutations, we used deletions in y,w larvae 8 hr after infection by pricking with the to determine that J6 falls in the area defined by the Gram-negative bacterial species Erwinia carotovora overlap of Df(1)74k24.1, Df(1)svr, and Df(1)su(s)83, placcarotovora 15 (Ecc15) ( Figure 1B) . Diptericin expression ing it in cytological region 1B10 near the Dredd gene in G49 larvae varies from 30% to 45% of the levels in [12, 22, 23] (Figure 3A) . We then identified two lethal infected y,w larvae, with larvae raised at 29ЊC showing P-element insertions in the Bloomington stock center higher levels of expression. In G49 adults maintained at collection, l(1)G0389 and l(1)G0109, which were pre-29ЊC, Diptericin transcripts accumulate to 75% of the viously mapped near this region, that do not complelevels induced by Ecc15 infection of y,w adults. In conment the constitutive Diptericin expression in the J6 and trast to Diptericin, Drosomycin levels in mutant larvae G49 lines ( Figure 3B and data not shown). By sequencing and adults are equivalent to or only slightly higher than DNA flanking the P elements in the two insertion lines, the levels in uninfected individuals, indicating that the we ascertained that both elements lie within 200 bp of J6 and G49 mutations specifically activate Diptericin each other in the 5Ј untranslated region of the SkpA insertions are pupal lethal at 25ЊC. SkpA G49 is pupal lethal region of SkpA that corresponds to helix 5 of Skp1; helix at 29ЊC, and homozygous SkpA G49 adults transferred to 5 forms part of the core interface between Skp1, the 29ЊC express Diptericin at similar levels as flies hetero-F-box region of Skp2, and the amino-terminal domain zygous for SkpA G49 and either the P-element insertions of Cul1, with some amino acids in this helix making or deletions that remove SkpA ( Figure 3B and data not direct contact with residues in Skp2 and Cul1 (Figure  shown) . At 29ЊC, therefore, SkpA G49 behaves like a null 3D). This suggests that the SkpA J6 and SkpA G49 mutamutation, which probably reflects the significant change tions disrupt interactions between SkpA and the F-box from the negatively charged glutamic acid to the posiprotein and cullin components of an SCF complex. Protively charged lysine in this allele.
tein interaction studies indicate that SkpA functions with the F-box protein Slimb and the Cullin-like protein dCullin1 (dCul1) in a Drosophila SCF complex [24] . In An SCF Complex and the Proteasome Repress support of this model, we confirmed that slimb 1 [27] and Diptericin Expression dcul1 l(2)02074 mutant larvae, as well as larvae carrying the The SkpA gene encodes a protein that is highly similar DTS5 mutation, a dominant-negative mutation that afto Skp1 proteins in humans and yeast ( Figure 3D ) [24] .
fects the ␤6 subunit of the 26S proteasome [28] , express Skp1 proteins are components of SCF ubiquitin ligases Diptericin at levels comparable to those in the SkpA that target substrates to the proteasome, and crystal mutants ( Figure 4A The Tl 10B mutation is a dominant mutation that activates the Toll receptor and induces constitutive Drosomycin expression [21] . A Northern blot shows that the constitutive Drosomycin expression in Tl 10B larvae that do not carry the G49 mutation (ϩ/ϩ) is not reduced in either female larvae that are heterozygous for the G49 mutation (G49/ϩ) or male larvae that are hemizygous for the G49 mutation (G49). The ratio of the Drosomycin signal to the RP49 signal in each sample is shown below.
overexpression induces Diptericin to levels that are pathway, we examined Diptericin levels in larvae homozygous for mutations in either SkpA, or slimb and comparable to those generated by bacterial infection with Ecc15 ( Figure 4A ). We also generated flies heterozyvarious genes of the IMD pathway: SkpA
J6
;imd 1 and SkpA
G49
;dtak1 1 double mutants display constitutive Dipgous for mutations at both the SkpA and slimb loci: these flies constitutively express Diptericin, indicating tericin expression; although, Diptericin levels are slightly reduced in the SkpA
;dtak1 1 larvae ( Figure 5A ). Mutaa synergistic interaction between SkpA and slimb (Figure 4B) (Fig-[11] ). In addition, two NF-B factors, p50 and p52, are ure 2A). Although SCF complex-mediated degradation generated from precursor proteins, p105 and p100, reof transcription factors is an established pathway for spectively, that are ubiquitinated and partially degraded regulating gene expression [37], there is no previous by the 26S proteasome, and the SCF ␤TrCp complex is evidence for an SCF complex regulating NF-B in the implicated in both p105 processing and complete degranucleus. One mechanism proposed for NF-B downregdation [31] . In flies, the IB homolog, Cactus, is deulation in mammalian cells is the acetylation of nucleargraded and the NF-B homologs, Dorsal and DIF, are localized RelA/P65 followed by binding to IB and export released when the Toll pathway is activated during deto the cytoplasm [38] . 
